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Abstract 
 
This thesis entitled “The Exploration of Cystine as a Module in Chemical 
Topology” is divided into four chapters. 
 
Chapter I: Chemical Topology: Diphenic Acid as a General 
Conformation Lock in the Design of Bihelical Structures 
The bihelical (figure of “∞”) topology was examined from vantages of design, 
crystal structures, chirality, circular dichroism (CD) studies and molecular-orbital 
calculations. 
Closed bihelical modules (figures of “∞”) have emerged as structural motifs 
across a variety of carbon substrates of natural and synthetic origin. Their uses include 
complexation, crafting therapeutic systems, molecular recognition, DNA mechanisms 
and ion sensors. Although a large number of bihelical systems have been reported, the 
basic elements related to the formation of such compounds over alternate 
conformations have been hardly explored. The principles that lead to the bihelical 
system reported here are general and hold promise of applications across chemical 
and biological domain. 
The strategy for construction of bihelical motif in the present work as the 
focus, the crafting of β-turn motifs. This was sought from the anchor diphenic acid 
having nearly orthogonally disposed aromatic rings1 as ideal for creation of the 
desired conformations. 
A completely open system can be cyclized to give a circular array or severely 
twisted and then cyclized to provide a bihelical system. An analysis of the transition 
state involved in either of the cases suggest comparable energy values and therefore 
subtle factors such as ligands could show preference for one form to other. The work 
reported here clearly brings out some of the factors involved in the changes described 
above. 
Having identified diphenic acid as the conformational lock to generate the 
desired intermediates, the linker unit was chosen as cystine endowed with nearly 
orthogonally disposed rather rigid disulfide bridge, having a considerable pi-bond 
character and additionally having a pair of bifuctional NH2(COOH)CH terminals.  
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Thus the focus of experimental work involved an interplay of the orthogonally 
disposed disulfide bridge in cystine and an equally orthogonally disposed diphenic 
acid. 
Synthesis:  
The reaction of diphenic anhydride with cystine-di-OMe afforded the expected 
product I.2, m.p. 128-132 °C, in 56% yields, which was transformed to the dimethyl 
ester I.3 with diazomethane in 86% yield. The reaction of I.2 with another unit of 
cystine-di-OMe and HOBt-EDCI afforded compound I.4, m.p. 150-153 °C, in 34% 
yield for which the desired bihelical structure has been given on the basis of spectral, 
analytical and crystallographic data (Scheme I.1).    
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Compound I.4 deposited beautiful colorless rods from hot DMSO. An X-ray 
crystallographic analysis showed clearly its bihelical (figure of “∞”) topology (Figure 
I.1). 
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A 
 
      B 
Figure I.1. A. An Edge-on view of I.4; B. A perpendicular view of I.4 (solvent 
molecules omitted for clarity) 
A scrutiny of the X-ray structure of I.4 in Figure I.1B brings out as the core, 
the presence of two nine-membered β-turns like features made compact by the 
hydrogen bonding across the ring a factor that perhaps led to the preference for a 
bihelical conformation. As could be seen from Figure I.1A, additional stability and 
compactness is provided by the hydrogen bonding of the second NH groupings with 
external DMSO. 
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In principle, the bihelical motif could have a left or right disposition of the 
intercrossing helices. The fact that only one arrangement I.4 (Scheme I.1 and Figure 
I.1) with [α]D31.6= -36.0494 (c= 0.27, CHCl3) was obtained, suggested the existence of 
a control element. From analogy in the formation of right or left handed helices where 
the control is that of the chirality of the amino acids involved, it is likely that the 
chirality observed in I.4 arises from that of the L-cystine used in the construction of 
the bihelical motif I.4. This has been substantiated experimentally by using D-cystine 
in place of the L-analog. The reactions carried out precisely as shown in Scheme I.1, 
afforded in 56% yield, m.p. 148-150 °C, compound I.5 (Figure I.2) which exhibited 
spectral data identical to that of I.4 but precisely opposite rotation [α]D31.6=  +38.00 
(c= 0.275, CHCl3).  
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Figure I.2. Structural representation of I.5 
Crystallization of I.5 from DMSO afforded beautiful colorless rods, whose 
structure was established by X-ray crystallography to be precisely the mirror image of 
I.4. A crystallographic edge-on and perpendicular view of I.5 is presented in Figure 
I.3. 
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      B 
Figure I.3. A. An Edge-on view of I.5; B. A perpendicular view of I.5. 
  
The composite view of antipodes presented in Figure I.4 is striking. 
 
 
Figure I.4. Composite picture of the mirror images of I.4 and I.5 
 
Further interesting chemistry was derived from the reaction of I.2 with cystine 
-di-OMe, which, in addition to I.4 afforded several novel structures. Careful 
chromatography permitted, in addition to I.4, a diphenic acid: cystine -di-OMe :: 1:1 
adduct (I.6, 4.5%), m.p. 215-218 °C, diphenic acid: cystine -di-OMe :: 3:3 adduct 
(I.7, 3.5%), m.p. 115-118 °C and diphenic acid: cystine -di-OMe :: 4:4 adduct (I.8, 
2.3%), m.p. 115-120 °C. Interestingly compound I.6 exhibited extraordinary hard 
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nature and density. A most surprising outcome being that X-ray crystallography 
showed that the structural scaffold was tightly held by a variety of extremely weak 
hydrogen bonding interactions, operating in all the three directions. These results led 
to a novel concept in bonding interactions and therefore, because of its potential 
importance treated as a separate section (Chapter II). 
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Initial efforts to attach the second cystine linker to I.2 using DCC/SUOH 
surprisingly afforded the bis-imide 1.9 in 32% yield, m.p. 120-125 °C, [α]D31.6 = -
353.630 (c= 0.135, DMSO), which afforded colorless needles from 
chloroform/hexane. An edge-on view of the X-ray structure of I.9 is presented in 
Figure I.5. 
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Figure I.5. An Edge-on view of I.9 
 
The preparation and characterization of the bihelical structures I.4 and I.5 
have shown that diphenic acid can be used as a general “conformation lock” for the 
possible synthesis of a variety of bihelical structures with the proper choice of linker 
element. The synthesis of a possible bihelical structure without a chiral centre seemed 
desirable since at least in one case, a bihelical system having chiral centers was 
transformed to an open one in its absence.2 The obvious option was the readily 
available cystamine, structurally similar to cystine but without side groups and 
therefore without the chiral centre. 
The reaction of diphenic anhydride with freshly prepared cystamine freebase 
afforded dicarboxylic acid I.10, which was further characterized as the methyl ester 
I.11. The reaction of I.10 with another unit of cystamine followed by chromatography 
afforded compound I.12 (22%), m.p. 232-235 °C (Scheme I.2).  
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Compound I.12 formed colorless thick crystals from CHCl3: MeOH:: 1:1. The 
crystallographic representation of edge-on and perpendicular views of I.12 is 
presented in Figure I.6. Interestingly, crystals obtained from MeOH and DMSO were 
identical. A crystallographic analysis showed that I.12 had a rather “U” shaped 
backbone structure, held by three intramolecular hydrogen bonds. There was no 
solvent cocrystallized with I.12. 
 
 
A 
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Figure I.6. A. An Edge-on view of I.12; B. A perpendicular view of I.12.  
In the preference for bihelical structures, substituents at the Cα-position appear 
to play a major role.  The presence of such bulky substituents give rigidity to the β-
turns involved and in the case of I.4 leads to the bihelical structure.  In the case of 
I.12, in which such substituents are absent, much more torsional freedom is available 
for the Cα atom, which now resembles that in glycine.  This notion is supported by the 
fact that if a β-turn nearly identical to I.4 is inscribed in I.12 (Figure I.7, left), the rest 
of the molecule exhibits greater conformational flexibility, particularly around 
erstwhile ligand locations (-COOMe) as seen by wide divergence in the dihedral 
angles. 
 
 
 
 
 
 
 
 
 
 
 
Figure I.7. Illustration of the influence of the Cα -ligand on torsional angles. 
B 
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The importance of a ligand in the Cα-position for the formation of bihelical 
structures is strongly supported by a comparison of the torsional angles that constitute 
I.4 and I.12 (Table I.1). 
 
Table I.1. Comparison of Torsional Angles in macrocycles I.4 and I.12 (deg.) 
_____________________________________________________________________ 
Angle                    I.4                  I.12                lg∆a 
_____________________________________________________________________ 
S2bS1aC1aC2a      -68   +81   * 
S1aC1aC2aN1a           -66   +67   * 
C1aC2aN1aC3a           142             -113   * 
C2aN1aC3aC4a     -174   -171 
N1aC3aC4aC9a     -137   -143 
C3aC4aC9aC10a             6      12 
C4aC9aC10aC15a     -103   -130 
C9aC10aC15aC16a               10                          11 
C10aC15aC16aN2a           43     63 
C15aC16aN2aC17a     -177   -175 
C16aN2aC17aC18a       138     91 
N2aC17aC18aS2a       70     67 
C17aC18aS2aS1b      177     81   * 
C18aS2aS1bC1b      -77    -88 
S2aS1bC1bC2b      -68    -58 
S1bC1bC2bN1b      -66    175   * 
C1bC2bN1bC3b      142   -86   * 
C2bN1bC3bC4b     -174   -175 
N1bC3bC4bC9b     -137   -153 
C3bC4bC9bC10b              6       11 
C4bC9bC10bC15b     -103   -111 
C9bC10bC15bC16b              10        9 
C10bC15bC16bN2b              43       55 
C15bC16bN2bC17b         -177    -173 
C16bN2bC17bC18b        138     128 
N2bC17bC18bS2b         70     179  * 
C17bC18bS2bS1a     177     -60  * 
C18bS2bS1aC1a       -77      -94 
_____________________________________________________________________ 
a
 Large differences (>100°) in values of torsional angles in the backbone 
 
Whereas in most cases the torsional angles in I.4 and I.12 in Table I.1 are 
comparable, at or near C2a, C2b, C17a and C17b, the atoms from which the side-
chains in I.4 were removed, shows large differences in torsional angles, greater than 
100°, which accounts for the disparate shapes of the macromolecular rings in I.4 and 
I.12. 
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Having shown that the absence of chiral groups in the linker favors a non-
bihelical structure, it was logical to assess the preference with a single chiral linker. 
Such a system was prepared by linking the “conformation lock” with cystine on the 
one side and cystamine on the other. The cystine-cystamine composite I.13 reached 
by two complementary routes (Scheme I.3) exhibited identical 1H NMR, MALDI-
TOF MS and CD. Several attempts to secure crystals from I.13 did not succeed. 
However, CD studies and molecular orbital calculations support a bihelical profile for 
I.13 (vide infra).  
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Circular dichroism studies: 
The results of CD studies in solution conducted in the present work not only 
corroborated the crystallographic findings but also provided a mechanistic insight into 
possible conformational requirements for the formation of the bihelical topology. 
The spectra of I.4 in trifluoroethanol (TFE) (Figure I.8), MeOH and CH3CN 
were recorded. All of them showed a similar profile, characterized by a negative CD 
band at 211 nm (TFE), 214 nm (MeOH) and 214 nm (CH3CN) and a positive CD 
band ~230 nm. Although the negative CD band in TFE is reminiscent of a β-hairpin 
conformation,3 the positions of negative CD bands in MeOH/CH3CN are similar to 
spectra of distorted β-sheet.4  A change in conformation from TFE to MeOH/CH3CN 
is also reflected in the diminution of intensity of the positive band at 228-230 nm in 
these solvents. However in all solvents the molar ellipticity values in the negative 
band region remained unchanged. The band ~ 230 nm in the CD reflects the twist of 
the biphenyl core.5 
  Abstract  
 
xii 
 
Figure I.8. CD spectrum of I.4 in TFE. 
 The CD spectrum of I.5 (Figure I.9) bears an almost exact mirror image 
relationship to its antipode I.4, a fact that is illustrated effectively in the composite 
CD spectrum I.4 and I.5 (Figure I.10). 
 
Figure I.9. CD spectrum of I.5 in TFE. 
 
 
Figure I.10. The composite CD spectrum of I.4 and its mirror image I.5 taken in 
TFE. 
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The crystal structure of I.12, which shows a “U” type of conformation (Figure 
I.6), exhibited a random CD profile, precisely similar to that of I.11.6 The CD of the 
composite I.13 exhibited in TFE a negative band at 212 nm and a positive one at 228 
nm (Figure I.11) remarkably similar to that of I.4. The CD profile seen here predicts a 
bihelical conformation. 
 
Figure I.11. CD spectrum of I.13 in TFE. 
 
Molecular modeling studies: 
Quantum mechanical calculations were carried out on I.4, I.12 and I.13 in 
bihelical as well as in “U” shaped conformations. The structures were modeled from 
the experimentally determined coordinates of I.4 and I.12. 
The results are summarized in Table I.2. The total energies indicate preference 
for a bihelical conformation for I.4 and “U” shaped conformation for I.12. The data 
for I.13 indicate a preference for bihelical conformation over a “U” shaped one, 
particularly in the presence of DMSO. 
 
Table I.2: The total energies (in Hartrees) for the six conformations in vacuum and 
DMSO at the AM1 level of theory 
_____________________________________________________________________ 
Molecule   In vacuum (E)  With 2 molecules of DMSOa (E) 
_____________________________________________________________________ 
I.12 (U shaped)  -0.038521    -0.183388 
I.12 (bihelical)  -0.031771    -0.177930 
I.13 (U shaped)  -0.283986    -0.417100 
I.13 (bihelical)  -0.289090    -0.431758 
I.4 (U shaped)   -0.524169    -0.665396 
I.4 (bihelical)   -0.539652    -0.684022 
_____________________________________________________________________ 
a
 Explicitly placed in the orientation obtained from the X-ray structure of I.4 
  Abstract  
 
xiv 
Conclusion: 
We have shown, that “diphenic acid’’ can be used as a “conformation lock’’ in 
a general strategy for the crafting of bihelical structures with appropriate linker 
elements. In a typical example the linking of two diphenic acid anchors with cystine-
di-OMe generates a pair of compact nine-membered β-turn like elements. It is 
suggested that any linker element that could satisfy this basic or equivalent criterion 
can lead to bihelical structures. In the present case the compact profile of the β-turn 
like elements arises from hydrogen bonding of one of the NH bond to the carbonyl 
oxygen across the ring as seen in I.4 (Figure I.1). A second linker then completes the 
synthesis. In this strategy the basic criterion namely the need for a pair of compact β-
turn like structures, seems to provide an explanation for open frames. The detailed 
analysis in the present work of the bihelical conformation secured by I.4 and that of a 
“U” shaped conformation with cystamine lacking the chiral groups is possibly related 
to this factor. The X-ray crystallography results for I.4 and I.12 show a number of 
common features. Besides, as could be seen, torsional angles that lead to the synthesis 
of these compounds (Table I.1), are quite similar except, notably, around the Cα atom 
carrying the ligand. In the preference for bihelical structures, substituents at the Cα-
position appear to play a major role.  The presence of such bulky substituents give 
rigidity to the β-turns involved and in the case of I.4 leads to the bihelical structure.  
In the case of I.12, in which such substituents are absent, much more torsional 
freedom is available permitting alternate structures. 
 
Chapter II: A Robust Hybrid Peptide Crystal Formed with Weak 
Hydrogen Bonds 
 
Genesis of the problem  
 The problem presented itself in a serendipitous manner, as described in the 
chapter I; as minor product (~5% yield) II.1, in addition to the desired major product 
II.2 (34%). 
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Compound II.1 whose structure was confirmed by spectral and HRMS data 
and by comparison with an authentic sample, on standing in methanol for 2 months 
deposited hard bulky crystals. An X-ray crystallographic analysis of the crystals 
presented unusual features (vide infra). An authentic sample of II.1 was subsequently 
prepared in 47% yield by reaction of equivalent amounts of cystine-di-OMe.2HCl 
with 2,2’-biphenyl dicarbonyl dichloride in presence of NEt3. The crystallographic 
data are listed in Table II.1. An ORTEP representation of the crystal structure of II.1 
is presented in Figure II.1, a structural profile in Figure II.2 and an edge-on view in 
Figure II.3. 
 
Table II.1. Crystal Data and Structure Refinement 
_____________________________________________________________________ 
              Identification code, CCDC  299945 
              Empirical formula   C22H22N2O6S2  
              Formula weight   474.54 
                         Temperature (K)   293(2) 
              Wavelength (Å)   1.54178 
              Space group    P212121 
                      a (Å)    9.897(1) 
                      b (Å)    12.210(1) 
                      c (Å)    18.192(1) 
              Volume (Å3)    2198.4 
              Z      4 
              Density (calc) (mg/mm3)  1.434 
             Absorption coefficient (mm-1) 2.56 
             F(000)      992 
             Crystal size (mm)   0.60x0.45x0.36 (irregular) 
             Limiting indices   -11 <  h  <  1 
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        -1  <  k  <  13 
       -1  <  l  <  20 
              Reflections collected   2347 
              Independent reflections  1917 
              Data/restraint/parameters  2347/0/290 
              Goodness to fit   1.069 
               Final R indices [I > 2σ(1)]  R1= 0.0641, wR2= 0.1631 
               R indices (all data)   R1= 0.0676, wR2= 0.1706 
               Extinction coefficient  0.004 
               Large diff. Peak and hole (e Å-3) 0.36 and –1.08 
_____________________________________________________________________ 
 
 
 
Figure II.1. Cyclic monomer a crystallographic ORTEP representation of II.1 
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Figure II.2. A crystallographic structural representation of II.1 
 
Figure II.3.An crystallographic edge-on view of II.1 
 
 A most surprising feature of II.2 is despite of high density, rigidity and 
hardness it did not exhibit any normal hydrogen bonds (Figure II.1, II.2 and II.3). 
Indeed the nearest approximation to a usual hydrogen bond was the single NH…O=C 
(2.43 Å) linkage that occurred between molecule along a two fold screw axis (Figure 
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II.4). Even this linkage is at the extreme end for values usually accepted for hydrogen 
bonds. The second nitrogen in the molecule is best suited for the only intramolecular 
hydrogen bond with the proximate S atom as shown in Figure II.1. This proposition is 
novel and need justification. 
 A novel problem thus presented itself as to how a hard crystal structure having 
no usually accepted weak bonding interactions can be crafted. It seemed unlikely that 
these two weak interactions involving nitrogen atoms provided sufficient attraction to 
maintain the integrity of the crystal. Accordingly, the structure has been scrutinized 
for all possible weak and very weak interactions that may account for the unusual 
physical properties of the crystal (Figure II.5). Such an analysis resulted in the 
delineation of the following possible novel interactions. Besides the weak NH…O=C 
bond that permits a continuous chain of modules (Figure II.4). 
 
Figure II.5 
NH...S
C
S
     CH… pi                          (Ar)CH…S                             
           (i)                           (ii)                                           (iii)                
   NH…S= 2.78 Å   CH…pi= 2.93 Å    CH...S= 2.94 Å   
 
H
H
O C
    
CH...O
 
               (iv)                     (v) 
CH...O= 2.74, 2.82 Å                               CH…O= 2.78 Å         
To the best of our knowledge, there is no direct comparison in the literature 
for a weak hydrogen bond in a disulfide arrangement such as (i).  
The proposed hydrogen bonding (i) finds support to that in acetyl cysteine 
NH…S (2.75 Å),7 NH…S=C (2.51 Å)8 and NH…S (2.75 Å).9 These data make the 
weak intra ring NH…S bond in Figure II.1 feasible, which possibly contributes to the 
rigidity of the structure. 
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Figure II.4. Intermolecular hydrogen bonding between N1H and O1 along two-fold 
screw axis in the a direction. 
 
Figure II.6. Stereodiagram of three weak hydrogen bonding type with C-H as the 
donor, which are aligned along the c-axis direction, shown between C20H…O6a, 
C1H…pi (center of the phenyl ring), and C8aH…S1. 
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           Amongst the weak interactions, perhaps the bonding of rather electrophilic C-
H being adjacent to S-S plays a significant role in the stabilization of the crystal. The 
electrophilic character of the disulfide bridge coupled with its considerable pi bond 
character makes the proximate C-H proton comparable to an allyl system. In this 
structure the CH…pi attraction is 2.93 Å (ii). The CH…pi hydrogen bonding and its 
importance has been extensively discussed10 and the value of 2.366 Å has been 
experimentally determined for the Benzene-HCF3 complex.11 It may be noted that 
notable acidity of CH in CHF3 contributes to the strength of the interaction. A recent 
review10 suggests the range of 3.20 Å (pi…HCCl3) to 3.8 Å (pi…HCH3) for such CH…pi 
bonds. The observed value of CH…pi attraction of 2.93 Å, seen in the present case 
suggest fairly strong association in terms of the background provided. Therefore a 
tandem alignment of the H with the aromatic ring as shown in Figure II.6 can provide 
considerable stability to the crystal.  Though stabilization from unit CH…pi interaction 
may be small, their total interaction enthalpy may become significant by cooperation 
of several CH…pi bonds (Figure II.6).10  
 Within the family of CH…pi interactions a number of alternatives where the 
donor and acceptor can be varied merit consideration. Based on their alignment and 
donor-acceptor capabilities under this umbrella even interactions that fall a shade 
below normal van der Waals distances are worthy of consideration. Since, as stated 
before although their energy contribution may be minimal, their presence in numbers 
and proximate to other strong and weak interactions could provide substantial 
contribution to the crystal packing. 
 A careful examination of the packing of II.1 shows that possible interactions 
in the last category may include the aromatic CH…S (2.94 Å) (iii) (Figure II.6). The 
double interaction of C=O bond with the proximate pair of aromatic CH bonds (2.74 
Å, 2.82 Å) (iv) (Figure II.7). A careful scrutiny of the packing of II.1 (Figure II.6) 
brings out strong possibility for weak interaction between ester methylene group 
protons and the proximate ester oxygen (v). 
 Although the bonding interaction values in II.1 are marginally smaller than 
van der Waals contacts between atoms, the sum total can make a significant 
contribution to their tight packing as seen. 
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Figure II.7. A view around the screw axis parallel to the b-axis, that shows probable 
CH…O=C bonds with the carbonyl O2 atom being a bifurcated acceptor. 
 
The present work has shown that weak interactions operating along the three 
coordinates can make a major contribution to the enthalpy and entropy of the crystal 
structure. It is possible that the structures of complex proteins are fine tuned by such 
interactions. There is increasing recognition to such weak interactions. This would set 
the stage for the design and understanding of complex structures.12-16 
Conclusion 
A century has begun where the study of molecules with smaller and smaller 
interactions are receiving greater and greater attention, a recognition of their 
importance to life and structure. 
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Chapter III: The Design and Synthesis of Novel Triply Bridged 
(1,3,5) and Doubly Bridged (1,4)/(1,3) Cyclophanes: The 
Demonstration of Cystine, Lanthionine and Pencillamine Disulfide as 
Versatile Linkers 
 Cyclophanes have been projected to illustrate diverse facets of chemical 
topology. The linking of the core units- generally benzene and analogs- have been 
achieved in several ways. 
 In a novel approach it was considered attractive to use a single linker, 
endowed with appropriate functional groups at the termini, to directly link to pairs of 
core units either to craft triply bridged (1,3,5) cyclophanes with a spherical topology 
or doubly bridged cyclophanes having metal uptake potential. 
 L-Cystine, having NH2–CH(COOH) termini and having a mid, orthogonally 
disposed disulfide bridge presented as an exceptionally versatile linker for the design 
of diverse cyclophanes. 
The present work has the focus the study of cyclophanes in terms of variation 
of the “core” as well as the “linker” elements, as illustrated with the crafting of triply 
bridged (1,3,5) cyclophanes having potential for a three-fold symmetry and for the 
first time, to the best of our knowledge, the introduction of lanthionine as a linker 
element. Lanthionine structurally differs from cystine only in replacement of the –S-
S- unit to –S-, thus enabling the assessment of the role of the disulfide bridge in 
topological constructs. 
The linker units used in the present work are presented in Scheme III.1. 
 
 
 
 
 
 
 
 
Cl- H3N
+ S S
+NH3 
-Cl
COOMe
COOMe
Cystine-di-OMe.2HCl
Cl- H3N
+ S
COOMe
COOMe
+NH3 
-Cl
Lanthionine-di-OMe.2HCl
Cl- H3N
+ S S
+NH3 
-Cl
COOMe
COOMe
Penicillamine disulfide-di-OMe.2HCl
Scheme III.1
(III.1)
(III.3)
(III.2)
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Of particular interest is the use of the pencillamine disulfide as a linker 
element, in the potential synthesis of crowded, hydrophobic topological surfaces. 
A range of core modules, presented in Scheme III.2 have been examined. 
 
COOH
COOHHOOC
CH2COOH
CH2COOHHOOCH2C
CH2COOHHOOCH2CCOOHHOOC
COOH CH2COOH
COOH CH2COOH
Scheme III.2
 
Synthesis of linkers 
Linkers III.1 and III.2 were prepared from the commercially available L-
cystine and D-pencillamine disulfide by treatment with respectively, MeOH-HCl and 
MeOH-HCl-SOCl2 . Linker III.1 was, in turn, transformed to the lanthionine analogue 
by the following procedure17 (Scheme III.3): 
 
COOMe
F3COCHN
S S NHCOCF3
COOMe
COOMe
F3COCHN
S COOMe
NHCOCF3 COOH
H2N
S COOH
NH2
COOMe
Cl- +H3N
S COOMe
NH3
+
 Cl-
(CF3COO)2O (Et2N)3P
CH3COCl
MeOH
TFA benzene
dioxane
1N NaOH
2N HCl
Scheme III.3
III.3
III.1
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Perhaps the most attractive illustration of the application of such a strategy 
would be the synthesis of the three-fold symmetric, triply briged (1,3,5) cyclophane 
III.4 from the union of two units of mesitoyl chloride with three units of the linker 
III.1 (Scheme III .4): 
Cl
O
O
Cl
Cl
O
III.1
III.4
Scheme III.4
O
NH O
NH
S
HN
S
S
E
S
NH
HN
E
E
O
O
O
NH
S
E
S
E
O
E
NEt3
E= COOMe
 
Compound III.4 is attractive for several reasons. The three linker composite 
III.4, endowed with six amide units and three nearly orthogonally disposed S-S 
bridges along the equatorial plane, each having considerable pi-bond character can be 
expected to have a rather rigid framework with a three-fold symmetry and thus 
projecting a rather distorted spherical topology. 
 In the event the scheme presented in Scheme III.4 yielded a white 
powdery solid, m.p. 220-265  °C. Surprisingly, this compound was found insoluble in 
all solvents except sparingly in DMSO. Therefore purification of the crude product 
was effected by Soxhlet extraction with a range of organic solvents (CCl4, CHCl3 and 
MeOH) to remove soluble impurities. The structure of the residue, m.p. 258-262 oC, 
was confirmed as III.4, by elemental analysis and structural data (IR, 1H NMR, 13C 
NMR, MS and HRMS). The yield of the purified product was 87%. Several attempts 
to secure crystals of III.4 did not succeed.  
 The 400 MHz 1H NMR taken in DMSO-d6 showed very clearly the 3-
fold symmetry present in III.4. Thus all the three side chains were spacially 
equivalent from vantage of NMR. The CβH2 protons appeared as two sets of quartets, 
the ester as a single peak, the CαH protons as a clean quartet, the aromatic protons as a 
sharp singlet and the amide protons as a doublet.  
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The symmetrical nature of III.4 and the possible orientation of the linkers with 
respect to the orthogonally placed aromatic rings have been examined by 2D NMR. 
The ROESY spectrum clearly brought out strong connectivity between aromatic 
protons and amide protons and a weaker one between the aromatic protons and the 
CαH. The TOCSY spectrum again showed the 3-fold symmetry of III.4 and the 
expected through bond interactions. A detailed energy minimized molecular modeling 
of III.4 is presented in Figure III.1. The three-fold symmetry predicted from NMR is 
clearly seen in Figure III.1. The detailed nature of the calculations undertaken here 
resulted in the possibility of three trans annular NH…O=C hydrogen bonds, as 
indicated in Figure III.1. The three chains here are identified as 1, 2 and 3. Table III.1 
shows that the hydrogen bonding is quite strong and adds rigidity to the structure.  
 
 
 
 
 
 
 
 
 
 
 
 
 
A. “Eclipsed view”     B. “Tilted view” 
Figure III.1 Energy minimized structure of III.4 
Table III.1 
 
 
 
 
 
Temperature dependent NMR of III.4 in DMSO-d6 in the range of 30-70 °C 
afforded a dδ/dT value of 6.5 ppb/°C, which suggests absence of intramolecular 
hydrogen bonding in solvent. It is clear that III.4 derives enthalpic advantages by 
hydrogen bonding with DMSO-d6. 
(1) C=O…..HN (2) (2.15 Å) 
(2) C=O…..HN (3) (2.15 Å) 
(3) C=O…..HN (1) (2.15 Å) 
1 
2 3 
1 
2 3 
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 Systems incorporating disulfide bridges have been examined under various 
environments because this unit is readily available from naturally occurring L-cystine. 
To the best of our knowledge, the properties of none of these systems have been 
compared with the corresponding mono sulfur compound available from lanthionine. 
The presence of extra sulfur in cystine brings in several properties, the most important 
being that this unit imparts rigidity to the molecule with a C-S-S-C dihedral angle, 
generally close to 90°. Therefore, structures having these units show a certain amount 
of rigidity. In contrast lanthionine having a dialkyl sulfide profile and therefore can be 
expected to show notable flexibility. Other subtle differences between two systems 
would be the enhanced acidity of methylenes in cystine and this unit being a part of 
chromophore involved in d-d transition.18  
 For these reasons it was considered appropriate to prepare the lanthionine 
isomer of III.4. The reaction of 3 equivalents of the linker III.3 with 2 equivalents of 
mesitoyl chloride and slight excess of NEt3 in CH2Cl2 resulted in a clear solution in 
contrast to that with linker III.1. Work up followed by chromatography afforded 16% 
of pure triply bridged (1,3,5) cyclophane III.5, m.p. 165-170 °C (Scheme III.5).  
 
Cl
O
O
Cl
Cl
O
III.3
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NH
S
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S
E
HN
HN
E
E
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E
III.5Scheme III.5
NEt3 E= COOMe
 
 
The structural assignment for III.5 is fully supported by spectral and HRMS 
data. A comparison of 1H NMR of III.4 and III.5 immediately showed that the latter 
consisted of a mixture of isomers. This was confirmed by 2D NMR measurements. 
The ROESY spectrum of III.5 has enabled the assignment of peak positions and 
coupling constants for most of the atoms as well as brought out the spacial 
connectivity that exits between several constituents. 
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 The assignment of peaks in the 1H NMR based on ROESY spectrum of III.5 
shows that unlike in the case of III.4 each linker assumes a different conformation, an 
aspect that could have been anticipated. Compound III.4 exhibits an axial 3-fold 
symmetry and an equatorial 2-fold one. Compound III.5 shows only the latter. The 
ROESY spectrum of III.5, which provided individual NMR assignments show that 
spacial connectivity, is significant. Figure III.2 illustrates the individual NMR 
assignment and spacial connectivity found in compound III.5. Figure III.2 shows one 
half of the symmetrical pair that constitutes the total structure. 
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     Figure III.2 
 
 The peak positions of NH in all the three chains are quite close (~8.5 ppm) and 
are significantly up shifted compared to III.4 (9.16 ppm) (DMSO-d6). Such a large 
shift perhaps shows the profound effect of the disulfide linkage. This is supported by 
strong ROESY connections between the amide protons and one of the proximate 
hydrogens (Figure III.2) indicating the NH protons here are heavily shielded by the pi-
system compared to III.4. The TOCSY spectrum of III.5 exhibited normal through 
bond couplings. A comparison of the ROESY spectra of III.4 and III.5 clearly brings 
out the fact that the former has a more convex conformation as could be expected 
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2.15 
2.27 2.49 
from a spherical profile. This aspect most likely arises from the conformationally 
rigid disulfide bridge present in III.4. 
A detailed energy minimized molecular modeling of III.5 is given in Figure 
III.3. Figure III.3 represents conformation that takes into account the molecular orbital 
calculation as well as the NMR data. A comparison of Figure III.1 and Figure III.3 
clearly brings out the three-fold symmetry present in the former and lack of it in latter. 
This property makes the conformation quite different as seen in Figure III.3. In Figure 
III.1 the three-fold symmetry present provides an evenly spread out system, which 
makes it possible to have hydrogen bonding with proximate chains (vide supra). On 
the other hand in III.5 the linkers appear to be independent of each other and even 
form an intra chain hydrogen bonds, since inter chain interactions appear difficult 
because of the distal disposition of the side chains. 
 
A. “Edge-on view”                                                 B. “Eclipsed view” 
Figure III.3: Energy minimized structure of III.5 
Table III.2 
    (1) HN---O=C (1) (2.15 Å) 
    (2) C=O---HN (2) (2.49 Å) 
    (3) C=O---HN (3) (2.27 Å) 
 
Table III.2 describes the intra chain hydrogen bonding present in III.5. It may 
be noted that whilst in the symmetric compound (Table III.1) all the hydrogen bonds 
are equal, in the lanthionine analog each has a different value. The comparison of 
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hydrogen bonding interaction present in Table III.2 would show that excepting in the 
case of a single chain the other two have weaker interactions. 
 In the context of the cystine cyclophane III.4 showed a three-fold symmetry, 
the analogue prepared from the pencillamine disulfide III.2 would be very attractive, 
since, in the event such a molecule exhibited a three-fold symmetry, it would have 
enhanced rigidity, spherical topology and hydrophobic character arising from three 
pairs of geminal dimethyl groups. 
 The reaction of linker III.2 with mesitoyl chloride as described in the previous 
cases, followed by work up and chromatography afforded 46% of the desired triply 
bridged (1,3,5) cyclophane III.6, m.p. 240-245 °C, whose structure is supported by 
spectral data (IR, 1H NMR, 13C NMR, MS) (Scheme III.6). 
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 Unfortunately even the purest sample showed two peaks in the HPLC and the 
1H NMR exhibited broad peaks suggesting the presence of isomers. Attempts to grow 
crystals of III.6 by a variety of methods did not succeed.  
 The synthesis of triply bridged (1,3,5) cyclophanes III.4, III.5 and III.6 
brought out several novel features. However, their limited solubility impeded growing 
of crystals, since, an X-ray structure of a member of this family was considered very 
desirable. The replacement of the mesitoyl chloride core with homologue 1,3,5-
benzene triacetic acid chloride was considered as a solution for this problem, because 
of its, inter alia, expected higher solubility. 
 The reaction of 1,3,5-benzene triacetic acid chloride with linker III.1 as 
described in the previous cases, resulted in the precipitation of product (Scheme III.7), 
work up afforded compound, m.p. 220-225 °C, whose structure was confirmed as 
III.7 by spectral data (IR, 1H NMR, 13C NMR, MS and HRMS) (yield 47%).  
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 A comparison of 1H NMR of III.4 and III.7 showed that the presence of the 
additional methylene groups leads to a more flexible structure and a significant 
upfield shift of aromatic protons as well the amide protons. Efforts to grow crystals of 
III.7 did not succeed. 
 Surprisingly endeavors to prepare triply bridged (1,3,5) cyclophanes using 
cystine dibenzyl ester and cystamine leading to, repectively, III.8 and III.9 failed 
(Figure III.4 and Figure III.5). 
O
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Figure III.4
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 The design and synthesis of diverse triply bridged (1,3,5) cyclophanes from 
vantage of chemical topology was the focus of the earlier section. As stated earlier 
such linker-core composites are endowed with potential for metal complex formation. 
In this regard the doubly bridged (1,4)/(1,3) cyclophanes are better modules. Doubly 
bridged (1,4) cyclophanes arising from a 1,4-core module have open cavities and 
endowed with four amide bonds and a pair of equatorially disposed disulfide bridges, 
a very congenial setup for complexation with diverse metal ions. On the other hand 
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those composites arising from 1,3-linkage to the core units can either participate in 
external complexation or encrypt metal ions by duplex formation as in antamanaide. 
 The most attractive composite namely terephthaloyl–cystine was prepared by 
the reaction of 2 equivalents of III.1 and terephthaloyl chloride, work up gave a white 
powdery compound, m.p. 220-225 °C, whose structure was established by spectral 
data (IR, 1H NMR, 13C NMR, MS and HRMS) as III.10 (yield 53%) (Scheme III.8). 
 The 1H NMR spectrum of III.10 unlike it homologue III.4 suggested the 
presence of two isomers in the ratio of 1.32: 1, where the major isomer appeared to 
have a two-fold symmetry. This compound was soluble only in DMSO and sparingly 
in MeOH and defied crystallization. 
COClClOC
III.1
HN NH
S
S
NH
S
S
HN
O O
MeOOC COOMe
MeOOC COOMe
O O
Scheme III.8
III.10
 
 
 
NH HN
MeOOC COOMe
O O
Figure III.6
S S
NH HN
MeOOC COOMe
O O
III.11
 
The lanthionine analogue of III.10 namely III.11 was prepared in the usual 
manner to afford compound, m.p. 270-275 °C, whose structure was confirmed as 
III.11 (Figure III.6) by spectral data (IR, 1H NMR, 13C NMR, MS and HRMS). Like 
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its higher homologue III.5 1H NMR clearly showed that the two chains are having 
different conformers. 
With the objective of enhancing the cavity size and possibly increasing the 
solubility profile 1,4-phenylene diacetic acid chloride was treated with cystine diOMe 
in the usual manner (Scheme III.9). Surprisingly this reaction yielded a methylene 
chloride soluble product, m.p. 205-210 °C and a methylene chloride insoluble 
product, m.p. 165-170 °C. These were identified by spectral data (IR, 1H NMR, 13C 
NMR, MS and HRMS) as respectively the 1:1 adduct (III.12) yield 13% and the 2:2 
adduct III.13 (yield 52%). 
COClClOC
III.1
HN
HN
O
O
S S
COOMe
MeOOC
NH
S
S
HN
O
HN
S
S
NH
O
MeOOC COOMe
MeOOC COOMe
O O
III.12
+
III.13
Scheme III.9
 
  
Gratifyingly for the first time in this series of experiments compound III.12 
afforded colorless needles from methanol, m.p. 215-220 °C, which was used for X-ray 
crystallography. 
 An ORTEP diagram of III.12 is presented in Figure III.7. In the cyclic 
peptide, the aromatic ring is nearly orthogonally placed. This has been clearly brought 
out when viewed down the a-axis at a single layer (Figure III.8). The notable feature 
of III.12 (Figure III.8) is the lack of hydrogen bonds in the layer and brings out 
clearly the relative disposition of the aromatic ring with respect to the disulfide 
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bridge. The molecule stacks into columns (Figure III.9) that are vertically connected 
by a single hydrogen bond and parallel to the a-axis. The stacking and the hydrogen 
bonding in the molecule are clearly brought out in Figure III.10. It is interesting to 
note that N2 wherein the NH is directed towards the aromatic pi plane does not form 
any hydrogen bonds (Figure III.7). 
 
Figure III.7 
 
 
Figure III.8 
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Figure III.9 
 
 
Figure III.10 
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 The ROESY spectrum III.12 not only enabled detailed assignment of peak 
positions, but also the spacial connectivity. Additionally, it brought out differences in 
the crystal and solution (CDCl3) structure.  
The most striking results from the ROESY spectrum is the exceptional 
shielding of both the NH protons by the pi-system. To the best of our knowledge, we 
have not seen an amide NH appearing at such high fields (5.82 ppm). An interesting 
thing to note is that an examination of Figure III.7, secured from X-ray 
crystallography, clearly shows that whilst one of the NH proton is situated where it 
could be shielded by the pi-system, the other NH proton is orthogonal to it. Thus 
subtle energy factors that play in the determination of chemical structures rationalize 
this fact, as could be seen in Figure III.9 and Figure III.10, the NH proton involved in 
dimer formation by intermolecular hydrogen bonding is orthogonally placed, where as 
other NH is placed parallel to the plane of the benzene ring. Taken these in 
conjunction with the fact in the 1H NMR both the hydrogens occur at the highly 
shielded locations, suggest that in solution both the NH protons are turned inwards as 
shown in Figure III.11. This must be due to the gain of additional enthalpic advantage 
arising from NH-pi interaction. Finally the ROESY spectrum also shows spacial 
connectivity with aromatic methylene groups.  
 
CH2H2C
N
O
N
O
C
H2
C
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S SMeOOC COOMe
H H
 
Figure III.11 
 Compound III.13 was practically insoluble in most organic solvents and 
efforts to secure crystals failed. The 1H NMR spectrum of III.13 appears to have a 
single conformer and therefore 2-fold symmetric in nature. 
  For comparison with the lanthionine analogue the 1,3-linked doubly 
bridged (1,3) cyclophane III.14 was prepared by the earlier procedure (m.p. 120-125 
°C, yield 60%).19 The replacement of cystine with the lanthionine linker in turn 
afforded III.15 (Figure III.12), m.p. 105-110 °C, (yield 33%). The structural 
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assignment for III.15 is supported by spectral data (IR, 1H NMR, 13C NMR, MS and 
HRMS). 
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 A comparison of 1H NMR of III.14 and III.15 showed that whilst the former 
presented a single isomer with a two-fold symmetry the latter suggested a mixture of 
isomers. Thus nearly every case whilst the cystine analogue led to symmetric 
structures, that having lanthionine always presented a mixture of isomers. The very 
valuable conclusion that in the design of macrocyclic structures cystine offers great 
advantages from point out symmetry and rigidity. 
 As in the case of 1,4-phenylene diacetic acid chloride the 1,3-analogue when 
reacted with cystine-diOMe provided both the soluble 1:1 composite III.16 and the 
insoluble 2:2 composite III.17 having m.p., respectively, 230-235 °C (yield 33%) and 
175-180 °C (yield 10%), whose structures were confirmed by spectral data (IR, 1H 
NMR, 13C NMR, MS and HRMS) (Figure III.13). 
HN O O NH
MeOOC COOMe
S S
III.16
HN O O NH
S S
MeOOC COOMe
HN O O NH
S S
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Figure III.13
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 Surprisingly unlike the 1,4-analogue (III.12), the 1,3-isomer III.16 was 
insoluble CDCl3 and the NMR taken in CDCl3+DMSO-d6 showed a mixture of 
conformers. 
 Nearly all triply bridged and doubly bridged cyclophanes reported in this work 
was explored at the formation of a silver complex by treatment with AgBF4 in 
nitromethane. Of the cyclophanes tried, clear complexation was seen in the case of the 
triply cystine bridged (1,3,5) cyclophane (III.4), doubly cystine bridged (1,4) 
cyclophane (III.13) and doubly cystine bridged (1,3) cyclophane (III.17). 
Conclusion: 
 Particurly noteworthy results secured in this work are the synthesis and 
structural exploration of the 3-fold symmetric (III.4) by detailed NMR and molecular 
orbital calculations. The work highlights the influence of sulfur bridge in structural 
framework compared to those where only single sulfur is present as in case of III.5. 
Of particular interest is the synthesis of the crystalline (1,4)-phenylene acetic acid-
cystine 1:1 adduct that reflected several facets of application of structural techniques 
(MS, 2D NMR, X-ray crystallography) as well as brought out how the structure can 
be optimized either in the crystal or in the solution by different ways. We feel that the 
successful isolation of silver complexes from doubly bridged cyclophanes (III.13 and 
III.17) is significant and merit detailed examination including X-ray structure. 
 
Chapter IV: The Simultaneous Formation of Disulfide Bonds from 
Acetamidomethyl (Acm) Protecting Groups by Deprotection and 
Oxidation 
 
 The breaking and making of disulfide bonds is an important reaction in nature 
involved in the biosynthesis of very simple compounds to extremely complicated 
ones. To effect this by synthesis is not easy. First of all, suitable protecting groups 
have to be identified, their deprotection optimized and thiol intermediate efficiently 
oxidized. 
Amongst the plethora of protecting group available for sulfur in cysteine, the 
acetamidomethyl group (Acm) is emerging as the most versatile one, for reasons of its 
ready preparation from cysteine and several avenues available for the transformation 
of S-Acm group to S-S. 
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 In spite of its extensive applications in the peptide domain, key aspects 
relating to its utility remains to be explored. A lacuna is the practical confinement of 
its synthesis and utilization in the peptide-protein domain and another is the reason for 
propensity for the formation of the disulfide bond on oxidation in good yields over 
other alternatives. 
 In view of the structural role the S-S bridge plays in infinite permutations and 
combinations, it was felt that the Acm group merit exploration across the carbon 
domain. The first priority would be a comparison of the 2S-Acm  -S-S- change over 
those constructs prepared from preformed S-S bridges. Fortuitously such a 
comparison is possible. In the previous chapter diverse –S-S- containg compounds 
have been directly prepared from cystine, which is already endowed with the –S-S- 
bridge. Therefore it seemed natural to prepare these compounds by oxidative coupling 
of the appropriate –S-Acm modules. 
The linker unit acetamidomethyl cysteine hydrochloride20 (IV.4) was prepared 
via sequence, condensation of acetamide and formaldehyde by using potassium 
carbonate to IV.1, coupling to cysteine hydrochloride under acidic condition (pH 0.5) 
to IV.2, purification by adjusting pH 6 (aq. KOH) to IV.3, and esterification with 
MeOH/HCl (Scheme IV.1). The conditions for the success of Scheme IV.1 are rather 
stringent.    
 
CH3CONH2 + CH2O
1) K2CO3
2) CO2
CH3CONHCH2OH
COOH
Cl-H3N
+ SH
HCl
pH 0.5
COOH
Cl-H3N
+ S
H
N
O
Cys-Acm.HCl ( IV.2)
pH 6
COOH
H2N
S
H
N
O
H20.
SOCl2
MeOH
COOMe
Cl-H3N
+ S
H
N
O
IV.4
IV.1
IV.3
Scheme IV.1
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 The reaction of linker IV.4 with equivalent amounts of terephthaloyl chloride, 
followed by work up afforded compound, m.p. 225-230 ºC, whose structure was 
confirmed as IV.5 by spectral data (IR, 1H NMR, 13C NMR, ESI MS and HRMS) 
(yield 56%) (Scheme IV.2). Compound IV.5 is perhaps the first member of the Acm 
domain outside the peptide-protein arena. 
 
COOMe
Cl-H3N
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H
N
O
COClClOC
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HN NH
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S
O O
MeOOC COOMe
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IV.5
Scheme IV.2
 
  
1,3,5-radially distributed ligands around the benzene molecule and having a 
sulfur near the termini are attractive for several reasons. For example, 
cyclovoltametric studies have shown that the 1,3,5-tris-methionine compound having 
a terminal S-Me group offers over 85% coverage of the gold surface. Molecular 
orbital calculations have shown that whilst the orientations of the side chains are 
dynamic small attractive forces can freeze the conformation where all the three side 
chains are in same direction.21 
 This finding has a direct bearing on the transformation of S-Acm compounds 
to cyclophanes. 
 The homologue of IV.5 was prepared by treatment of mesitoyl chloride with 
synthon IV.4, work up followed by chromatography afforded a thick liquid, which 
was identified as IV.6 by spectral data (IR, 1H NMR, 13C NMR, ESI MS and HRMS). 
The yield was 35% (Scheme IV.3). 
  Abstract  
 
xl 
COOMe
Cl-H3N
+ S AcmEt3N
ClOC
COCl
COCl
O
NH O
NH
S
HN
S
Acm
COOMe
Acm
S
MeOOC
Acm
O
MeOOC
IV.6
Scheme IV.3
 
  
Apart from their obvious use by oxidative transformations to doubly bridged 
(1,4) and triply bridged (1,3,5) cyclophanes, these compounds could find applications 
in the domain of synthesis of diverse compounds and design of materials. As stated 
previously the objective was to correlate IV.5 and IV.6 by oxidative coupling to 
III.10 and III.4. 
 The S-Acm to –S-S- transformation has been directly brought out by several 
reagents or by prior transformation to SH compound followed by oxidation. Among 
the many procedures, the simple one using iodine afforded the best results. 
 The reaction of IV.5 with 2.5 equivalents of iodine/MeOH followed by 
chromatography afforded off white solid, m.p. 225-230 ºC (dec.), whose structure was 
established as IV.7 by spectral data (IR, 1H NMR, 13C NMR, MS and HRMS), which 
was identical to III.10 secured directly (m.p. 220-225 ºC (dec.)). The yield of IV.7 
secured by oxidative procedure namely 53% was surprisingly quite comparable to 
III.10 secured by direct procedure (57%) (Scheme IV.4). 
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 The reaction of compound IV.6 under the above mentioned conditions 
followed by work up afforded a white solid, m.p. 255-260 ºC (dec.), which was 
identified as compound IV.8 by spectral data (IR, 1H NMR, 13C NMR, MS and 
HRMS), which was found identical to III.4, m.p. 258-262 ºC (dec.) (Scheme IV.5). 
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 The yield obtained by oxidative coupling 77% was again quite comparable to 
III.4 secured directly (87%). The fact that the yield of cyclophanes obtained by either 
direct coupling or by use of synthons already harboring the –S-S- bridge is significant, 
since, in the former case several side reactions are possible that would drastically 
curtail the yield. That this has not happened seems to indicate that this pathway is 
preferred over others. We suggest that the mechanism proposed in Scheme IV.6 could 
explain this preference on the basis of a highly favorable equation 3. 
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 Finally a comparison of the –S-S- bond formation by Acm procedure should 
be preferred over alternate methods in –S-S- bond formation. The commonly used 
method being the use of one of the sulfur atom to displace a leaving group attached to 
the other. 
The thiol grouping S-H is one of the most prolific that finds application in 
organic synthesis. In a large number of cases such groups are linked to another thiol 
group by oxidation. Surprisingly to the best of our knowledge, the Acm protecting 
group has not found applications outside the cysteine unit. We have shown quite 
effectively that the Acm group can be attached to any thiol grouping by transforming 
propane 1,3-dithiol to the bis-S-Acm compound IV.9. The structural assignment for 
IV.9 is supported by IR, 1H NMR, 13C NMR and ESI MS. This compound is designed 
to generate systems having multiple disulfide bridges and currently plans are 
underway to fully explore the potential of IV.9 has a synthon in organic synthesis as 
well as peptide/protein compounds. 
 
S-AcmAcm-S
IV.9
 
Conclusion: 
 The work reported in this chapter adds a new dimension to the chemistry of S-
Acm compounds. The demonstration that the application of the S-Acm protecting 
group and its subsequent direct transformation to the disulfide unit is as efficient in 
the non-peptide domain should open up research in other areas. 
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 The most surprising feature is that the intermolecular 2 S-Acm  -S-S- 
change proceeds with high efficiency with yields comparable to the same systems 
prepared directly from cystine. This aspect merits further examination. 
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